The sterol composition of hamster eanda epididymal spermatozoa was remarkably different from that of several other mammalian spermatozoa. Desmosterol and cholesta-7,24-dien-3f~-ol account for as much as 90% of the total sterols. Cholesterol and desmosterol are the major components of mouse cauda epididymal spermatozoa, and rabbit, boar and bull ejaculated spermatozoa. Cholesta-7,24-dien-3f3-ol was not detected. Furthermore, cholesterol was the main sterol in hamster caput epididymal spermatozoa, while only a trace amount of desmosterol was detected and cholesta-7,24-dien-3/%ol was hardly detected at all. The sterol content of cauda and caput epididymal spermatozoa was 0.17 +_ 0.05 ~anol/10 s spermatozoa. During maturation, the desmosterol and cholesta-7,24-dien-3f3-ol levels increase and the cholesterol level decreases. Cholesta-7,24-dien-3~-ol appears as a sterol in mature spermatozoa and seems to be a characteristic sterol of hamster cauda epididymal spermatozoa.
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Mammalian spermatozoa gradually develop both motility and fertilizing capacity during their transit through the epididymis after spermiation from the testis. This process is called epididymal maturation of spermatozoa, and is accompanied by various physiological, morphological and biochemical changes, including changes in lipids (1) (2) (3) . Several changes in phospholipids and sterols of the sperm plasma membrane have been reported to occur during epididymal maturation (2, 3) . There is a decrease in the amount of phospholipids in ram (2) . In addition, the sterol composition of spermatozoa also changes during maturation. Sterols are the second major class of lipids in the plasma membrane of mammalian spermatozoa (2, 3) . Among them, cholesterol is a major component; other sterols, such as desmosterol, are being found only in trace amounts (2, 3) . The desmosterol/cholesterol ratio in the plasma membrane of ram spermatozoa decreases (2) , whereas the ratio increases in boar spermatozoa (3) during maturation. The cholesterol level in the sperm plasma membrane appears to regulate the fertilizing capacity (4) . It has been suggested that the time required for capacitation, the process by which mammalian spermatozoa acquire the complete capacity for fertilizing an egg in the female reproductive tract, is closely correlated with the cholesterol/phospholipid ratio of the spermatozoa (4). It was also observed that the removal of cholesterol causes destabilization of the plasma membrane of spermatozoa (5) . These observations raise the possibilities that sterols regulate the fluidity of the sperm plasma membrane during maturation or capacitation and *To whom correspondence should be addressed. Abbreviations: BSA, bovine serum albumin; TMS-, N-(trimethylsilyl)-; GLC, gas-liquid chromatography; GC-MS, gas chromatography-mass spectrometry, cholesterol, cholesta-5-en-3~-ol; desmosterol, cholesta-5,2 4-dien-3/~-ol. the following acrosome reaction. In the present study, the sterols in caput and cauda epididymal spermatozoa of hamster were analyzed and a remarkable change in the sterol composition was found to occur during epididymal maturation.
EXPERIMENTAL
Mature 2-to 3-month-old male hamsters were killed by cervical dislocation. Spermatozoa (2 • l0 s cells) isolated from their cauda epididymides were suspended in 20 ml of Tyrode's solution containing 3 mg/ml BSA and then the suspension was centrifuged at 300 • g for 5 min at 20~ The pellet was washed twice with 20 ml of Tyrode's solution containing 3 mg/ml BSA to remove seminal plasma and contaminating cells (6) . The resulting pellet was freeze-dried. Cauda epididymal spermatozoa of mouse, and ejaculated spermatozoa of rabbit, bull and boar were prepared in the same manner. Caput epididymal spermatozoa of hamster were purified by Percoll density gradient centrifugation according to the method of Oshio (7).
Lipids were extracted according to the technique of Bligh-Dyer (8). Freeze-dried sperm (2 X l0 s cells) were homogenized in 16.5 ml of chloroform]methanol/H20 (1:2:0.3, v/v/v), followed by centrifugation at 1000 • g for 5 rain at 4~ The resulting pellet was extracted with 19 ml of chloroform/methanol/H20 (1:2:0.8, v/v/v). The chloroform-methanol phase was separated and evaporated to dryness. The extracts were stored at -20 ~ until use.
An aliquot of total lipids (ca. 50 ~g) was saponified at 70~ for 120 min with 3.0 ml of 33% KOH/ethanol (6:94, v/v) (9) . Then, 1.0 ml of distilled water was added and the sterols were extracted with 3 ml of hexane. The solvent was evaporated under a stream of argon to a small volume, followed by GLC and GC-MS. TMS derivatives of sterols were obtained by treating sterols with N-(trimethylsilyl)imidazole at room temperature for 30 min (10) . Free sterols were analyzed, with a Shimadzu GC-6A gas chromatograph equipped with a flame ionization detector, on a glass column containing 2% OV-1 on Shimalite W (AW-DMCS) (2.6 mm • 2.0 m). Nitrogen was used as the carrier gas, the flow rate being 40 rnYmin. The amounts of sterols were determined with 5a-cholestane as an internal standard. The free sterols were identified with a Shimadzu GCMS GP-1000 gas chromatograph-mass spectrometer. The sample was applied to a glass column (2.6 mm • 2.0 m) containing 2% OV-1 on Shimalite W (AW-DMCS). The conditions were as follows: column temperature, 260~ separator temperature, 270 ~ C; ion-source temperature, 270 ~ C; and bombarding energy, 70 eV. The TMS-derivatives of sterols were analyzed with a JEOL JMS-DX303 gas chromatographmass spectrometer on a capillary column of Ultra 1 (0.32 mm • 25.0 m). The conditions were as follows: column temperature, 260~ injection temperature, 270~ COMMUNICATIONS separator temperature, 280~ and inlet temperature, 290~ Cholesta-7,24-dien-3f~-ol was prepared from cholenic acid as described previously (11) .
RESULTS AND DISCUSSION
Sterols of hamster cauda epididymal spermatozoa. A gas chromatogram of free sterols obtained from hamster cauda epididymal spermatozoa is shown in Figure 1 . Peak 1 was identified as that of cholesterol and the major component (peak 2) was identified as desmosterol. Figure 2 shows the mass spectrum of peak 3. Molecular ion m/z 384 suggested that the latter sterol was a C~7-sterol with two double bonds. The presence of m/z 271 (M-113) suggested that one double bond is located on the side chain, probably at the carbon 24 position (12) , and the other on the steroid nucleus. However, its retention time was considerably longer than that of the several Cev-sterols reported previously (13) . Final proof of its structure was obtained by GC-MS analysis of its TMS ether derivative in comparison with chemically-prepared authentic samples (11) of cholesta-7,24-dien-3/~-ol, cholesta-8,24-dien-3f~-ol and cholesta-8 (14),24-dien-3/~-ol. As described recently (11), these three sterol TMS ethers were separated on GC, their relative retention times being 1.25, 1.13 and 1.10, respectively (cholesterol TMS ether, 1.00). The unidentified sterol TMS ether from hamster cauda epididymal spermatozoa comigrated on GC with standard cholesta-7,24-dien-3f~-ol TMS ether. Furthermore, its mass spectrum (Fig. 3 ) was also identical with that of this dienol TMS ether, being distinguishable from the other two isometric dienol TMS ethers. All these data strongly suggest that this sterol is cholesta-7,24-dien-3~-ol. Sterol content of cauda and caput epididymal spermatozoa. The total sterol content of hamster cauda epididymal spermatozoa was 0.17 +_ 0.0.5 t~mol/108 spermatozoa. Caput epididymal spermatozoa contained nearly the same amount (data not shown). Of the total sterols in cauda epididymal spermatozoa, cholesterol amounted to only 10%. It is interesting to note that cholesta-7,24-dien-3f~-ol was not detected in hamster caput epididymal spermatozoa (Fig. 4a) . These results suggest that the cholesta-7,24-dien-3~-ol content changed during maturation. Cholesta-7,24-dien-3~-ol was not detected in several other mammalian spermatozoa (Fig. 4c-f) . Therefore, it can be said that cholesta-7,24-dien-3f~-ol is characteristic of hamster spermatozoa. The occurrence of the cholesta-7,24-dien-3f~-ol in mature spermatozoa raises the question of the mode of its formation. It is well known (15) that the final steps of cholesterol biosynthesis in mammals are the isomerization of h~-olefins to h~-olefins, and reduction of the C-24 double bond. Although cholesta-7,24-dien-3~-ol has not yet been definitely identified as an intermediate in cholesterol biosynthesis, it may be that, in hamster cauda epididymal spermatozoa, the final stage of cholesterol biosynthesis is blocked for some reason, resulting in the accumulation of the 7,24-dienic sterol. However, the possibility should also be considered that this sterol is Fig. 1) . produced from cholesterol in a retro-biogenic manner, i.e., the isomerization of the 5~-olefins to the/17-olefins and dehydrogenation at the C-24, 25 position.
